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Abstract. Crude oil viscosity is one of the most important fluid properties that affects fluid 
flow behavior; either in pipeline hydraulics or in the porous media (reservoir). Viscosity is a 
vital physical property that plays a major role in the petroleum industry, the production 
processing and transportation of oil due to influence on the flow through porous rock, oil wells, 
multiphase flow through tubing and piping system. Therefore, the need for accurate 
determination of viscosity for oil and gas applications cannot be overemphasized. Numerous 
empirical correlations exist in literature for predicting crude oil viscosity but their accuracy is 
limited based on range of conditions of application, composition of the crude used in 
developing the correlation, specific range of data and experimental conditions. In the present 
work, experimental data of oil viscosity from different samples of Nigerian oil reservoirs were 
statistically compared with correlation predicted viscosity using the most common viscosity 
empirical correlations. Validity and accuracy of these empirical models has been confirmed for 
both saturated and under-saturated Niger Delta oil samples. It was observed that for under-
saturated oil viscosities, Elshawarky & Alikhan’s correlation gave a better prediction based on 
the Absolute average percentage error and standard deviation while for the case of saturated oil 
viscosities Chew and Connally proved to be the closest to the experimental results.  
Keywords: Viscosity, Statistical analysis, Crude oil 
1. Introduction 
Fluid sampling is a vital aspect of the petroleum engineering. Fluid sampling enables the 
understanding of the behaviour of various reservoir fluids as they exhibit distinct behaviour based 
on their composition/properties. Viscosity is an important aspect of fluid sampling as it affects the 
fluid flow behaviour. Viscosity is generally known as an intensive property of a fluid that causes 
an internal resistance of the fluid to flow
1
.  Crude oil viscosity, a Newtonian fluid is a vital 
physical property that plays a major role in the petroleum industry, the production processing and 
transportation of oil due to its influence on the flow through porous rock, oil wells, multiphase 
flow through tubing and piping system
12
. Crude oil viscosity plays a major controlling and 
determining role in the successful implementation of secondary recovery process, EOR processes 
and reservoir simulation modeling. Optimum reservoir management and sound design facilities is 
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Viscosity is often determined using PVT analysis, however, this laboratory determination of 
viscosity is expensive and time consuming. An accurate correlation that can reliably determine the 
viscosity of crude oil in the Niger Delta region will reduce the costs and time involved in the 
determination of the viscosity of crude oil.  There are currently a large number of existing 
viscosity correlations that has gained acceptance in the industry, such include 
1, 3, 4, 9, 16 & 17
, but 
most of which were differs in terms of regions of the world and different compositions of crude 
oils, specific range of data and different experimental conditions. Therefore, this posed a serious 
accuracy and precision concern in the applicability of these correlations for the Niger Delta, where 
the properties of the fluid may differ from the conditions at which those models were developed. 
Determination of the most accurate viscosity correlation from the already existing correlations that 
can accurately represent the viscosity conditions in the Niger Delta will serve as a means for 
further prediction of the viscosity of crude oils in this region. The purpose of this study is to 
provide a comparative analysis of existing saturated and under-saturated oil viscosity correlations 
to determine an accurate oil viscosity correlation that can best fit the oil viscosity conditions in the 
Niger Delta. Where quick estimates of oil viscosity are required in the Niger Delta, the selected 
viscosity correlations can be applied. 
2 METHODOLOGY 
The determination of the performance of the correlation involved the use of the available 
correlations to predict (estimate) the experimental database (measured) for the reservoir oil 
viscosity property. Comparative analysis on the two values (measured and predicted) was carried 
out to evaluate the efficiency of the correlation
12
. The performance of the existing correlations in 
this research- saturated oil, under-saturated oil viscosities were evaluated by using statistical tools 
to evaluate the accuracy of the correlation with the Niger Delta experimental viscosity 
2.1 Correlation Selection and Crude Oil Viscosity Determination 
This research utilizes various viscosity correlations (saturated and under-saturated) to predict the 
viscosities involved in this research- measured by PVT analysis in the Niger Delta region 
considered. The PVT input data of the Niger Delta is to be used and from the application of this 
input data, comparative analysis of the viscosity of crude oils from the various viscosity 
correlations will be determined. Correlations within the same range of data specified with the 
Niger Delta were tested. Extensive range of correlations were applied in this research which 
involved the early viscosity correlations and the recently developed correlations for screening 
purposes, correlations with an insignificant coefficient of determination value were removed. 
Correlations within the range of coefficient of determination between 0.9-1 and correlations 
developed for Niger Delta were then selected for further evaluation using statistical tools. 10 
correlations were then selected for under-saturated oil viscosity and 9 were selected for saturated 
oil viscosity. 
2.2 Comparative Analysis of the Selected Correlations and the Experimental Data 
Comparative analysis to measure the agreement between the computed and measured viscosity 
data was done using the statistical tools. These statistical tools assist in making judgments on the 
variations in the computed results from the selected correlations and the experimental viscosity in 
determining performance of the selected correlations.  The statistical tools applied in this research 
for the comparative analysis are outlined below: 
2.3 Average Absolute Percentage Relative Error, AARE 
This is a measure of the relative absolute deviation of the estimated values of the oil viscosity 
determined from the various correlations against the experimental values of the oil viscosity. It 
indicates the relative absolute deviation in percentage from the experimental values; the lower the 
3
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value of the average absolute percentage relative error, the more accurate the correlation. 𝐸𝑟   is 






Where 𝐸𝑖  is relative deviation of the estimated (predicted) value from an experimental value and is 
defined as:  
 𝐸𝑖 =  
 𝜇 𝑒𝑥𝑝 − 𝜇 𝑒𝑠𝑡
 𝜇 𝑒𝑥𝑝
 × 100                    (1) 
                      Where n=number of samples 
2.4 Standard deviation using Statistical Package for Social Science (SPSS) 
The standard deviation (𝑆𝑟) is a measure of the percent relative spread or dispersion of the oil 
viscosity data distribution: 
  𝑆𝑟 =  
1
𝑛−1
 [ 𝜇𝑖 −  𝜇𝑚𝑒𝑎𝑛
𝑛
𝑖=1 ]
2                      (2) 
Where n=number of sample 
 𝜇𝑖= oil viscosity for each sample 
 𝜇𝑚𝑒𝑎𝑛 =mean oil viscosity 
The standard deviation is generated from the paired sample test on SPSS. The lower the value of 
standard deviation means a smaller value of scatter. The difference between the standard deviation 
of the experimental data from the standard deviation using the various correlations indicates the 
measure of the relative spread from the experimental data. The accuracy of the correlation is 
determined by the value of the difference in standard deviation. Smaller value indicates better 
accuracy. 
2.5 Coefficient of Determination, 𝑹𝟐(Graphically) 
The coefficient of determination is a simple statistical parameter that tells how the 
model/correlation fits the data and thereby represents a measure of the utility of the model.  The 
𝑅2 in this study will be determined by making cross plots of the experimental oil viscosity against 
the predicted oil viscosities from the correlations. The closer the value of the 𝑅2 is to 1, the better 
the model/correlation for oil viscosity fits the data acquired from the Niger Delta. 𝑅2is expressed 
as: 
 𝑅2 = 1 −
𝑆𝑆𝐸
𝑆𝑆𝑦𝑦
                                                                                                                                            (3) 
SSE measures deviations of experimental values from their predicted values:                              
𝑆𝑆𝐸 =  (𝜇𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 − 𝜇𝑐𝑎𝑙𝑐 )
2𝑛
𝑖−1                                                                                                    (4)    
𝑆𝑆𝑦𝑦   measures deviations of the experimental values from their mean value 
 𝑆𝑆𝑦𝑦 =  (𝜇𝑒𝑥𝑝𝑒𝑟𝑖𝑒𝑚𝑒𝑛𝑡𝑎𝑙 − 𝜇𝑚𝑒𝑎𝑛 )
2𝑛
𝑖−1                                                                                               (5) 
3 Materials 
This research involves viscosity input data for bottom-hole samples taken from the Niger Delta 
region. The bottom-hole samples had been flash separated to obtain solution gas oil ratio, gas 
relative density and oil API gravity. Viscosity data had been obtained by rolling ball viscometer 
for various pressures and temperatures. The viscosity of the reservoir fluid data consists of 
different data sets based on the classifications of the viscosity of the crude oil. Four wells were 
utilized for the analysis.   
The total pressure points for the four wells are 26 points for under-saturated oil viscosity and 23 
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Table 1: Fluid property 
PVT property Range 
Oil Viscosity above Bubble Point (cp) 0.2-13 
Oil Viscosity below Bubble Point (cp) 0.2-35 
Bubble Point Pressure (psia) 1100-2400 
Solution Gas Oil Ratio (𝑹𝒔) 27-1200 
Relative Oil Density 0.6-0.9 
Relative Gas Density 0.5-0.95 
Pressure (psia) 165-6100 
4. RESULTS AND DISCUSSION  
The generated results from the comparative analysis using statistical tools are outlined below. 
These results include the calculated oil viscosities using correlations, graphical analysis, average 
absolute relative error, and standard deviation from the paired samples test using Statistical 
Package for Social Science (SPSS) to support the evaluation of the accuracy of the correlations in 
selecting the correlation with the least error from the overall analysis of these results generated 
from statistical measures. 
4.1 Graphical Analysis 
Graphical analysis was carried out by constructing plots of experimental oil viscosities against the 
calculated oil viscosity to show the coefficient of determination. 
4.2 Comparative Analysis Using Average Absolute Relative Error: 
The average absolute relative error analysis for the Under-saturated and Saturated oil viscosity 
was determined and ranked according to its increasing error.  From table 2: Saturated Oil 
Viscosity ranking based on average absolute relative error, Chew & Connally
6
 shows the lowest 
average absolute relative error of 7.4% with Kahn
10
 showing the largest error of 18.1% due to the 
inverse viscosity trend. 
From table 3: Under-saturated Oil Viscosity ranking based on average absolute relative error, 
Elsharkawy te al
7
 shows the lowest average absolute relative error of 3.985% with Vasquez & 
Beggs
15
, showing the largest error of 15.568%. 
 
Table 2: Saturated Oil Viscosity ranking based on average absolute relative error.  
RANKING BASED ON AVERAGE ABSOLUTE RELATIVE ERROR 
Correlations AARE(%) 
(Chew & Connally, 1959) 7.413 
(Elsharkawy, A. M.; Alikhan, A. A., 1999) 10.715 
(Naseri, Nikazar, & Mousavi Dehgani, 2005) 12.843 
(Beggs & Robinson, 1975) 17.683 
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Figure 1: Predicted versus experimentally measured saturated oil viscosity 
 
Table 3: Under-saturated Oil Viscosity ranking based on average absolute relative error.  
RANKING BASED ON AVERAGE ABSOLUTE RELATIVE ERROR 
Correlations AARE (%) 
(Elsharkawy, A. M.; Alikhan, A. A., 1999) 3.985 
(Kahn, 1987) 5.845 
(Bergman & Sutton, 2006) 5.876 
(Kartoatmodjo & Schmidt, 1994) 9.232 
(Vasquez & Beggs, 1980) 15.568 
 
4.3 Paired Sample T- Test Results Showing Standard Deviation: 
The database for the T-test is a combination of all the four wells into one database in order to have 
a generalized result for the comparative analysis. Conclusion will then be drawn from the 
generalized result. 
From Table 4: Mean and Standard Deviation difference between experimental and the 
correlations, the following can be inferred; Elsharkawy et al.
7
 shows the least deviation from the 
6
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experimental standard deviation and Vasquez & Beggs
15
 with the largest deviation from the 
experimental standard deviation. 
From Table 5: Mean and Standard Deviation difference between experimental and the 
correlations, the following can be inferred; Chew & Connally
6
 shows the least deviation from the 
experimental standard deviation and Isehunwa
9
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Table 4: Mean and Standard Deviation Viscosity difference between experimental and the 
correlations (Under-saturated) 
 
Mean Std. Deviation Std. Error 
Mean 
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Table 5: Mean and Standard Deviation viscosity difference between experimental and the 
correlations (Saturated) 
 Paired Differences 
Mean Std. Deviation Std. Error 
Mean 
Pair 1 EXPERIMENT


























































































5. Conclusion and Recommendation 
In this research, the aforementioned objectives were achieved using statistical tools for a Niger 
Delta case study. From the results of the analysis, the following conclusions can be drawn: 
 Using the correlations from the literature for various regions of the world, deviations from the 
experimental viscosities were obtained for the Niger Delta case study indicating that the 
correlations are geographically dependent.  
9
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From the comparative analysis for the under-saturated oil viscosities correlations using 
statistical tools such as average absolute relative error and standard deviation as the screening 
criteria. Elshawarkay & Alikhan proved to be the best correlation from the assessment 
showing the lowest average absolute error of 3.985% and lowest standard deviation of 0.4455 
in the combined wells from the SPSS.  
 From the comparative analysis for the saturated oil viscosities correlations using statistical 
tools such as average absolute relative error and standard deviation as the screening criteria.  
Chew & Connally correlation proved to be the best correlation from the assessment showing 
the lowest average absolute error of 7.413% and lowest standard deviation of 1.2496 in the 
combined wells from the SPSS. 
However, the following recommendations are given in order to extend this study. The selected 
viscosity correlations should be applied in prediction of saturated and under-saturated oil 
viscosities when field viscosity data is unavailable. The performance of the selected viscosity 
correlations should be evaluated with other available viscosity data from the Niger Delta. 
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